Objective To compare the efficacy of CRP and TLC as markers for monitoring the course of odontogenic space infections (OSI) in 50 patients. Methods A Clinical severity scale (CSS) was developed to grade the severity of infections in patients. Blood samples were taken preoperatively and postoperatively at day 1, day 2, day 3 and day 7 for measuring the levels of CRP and TLC. The trends of CRP and TLC were analysed against the CSS. The data was subjected to paired ''t'' test, ANOVA, Spearman rank correlation, Pearson's bivariate correlation as appropriate.
Introduction
Patients with fascial space infections of odontogenic origin are at significant risk from life threatening complications due to anatomical connectivity of potential spaces to vital structures. These can be anticipated and avoided by keeping a strict vigil on the clinical/laboratory parameters of such patients.
The clinical signs may sometimes appear late or may be insufficient to give precise assessment of an infectious process. Many laboratory markers have been used to predict the severity and course of infections, thereby avoiding the potential risk of patients slipping into further complications. These include TLC, DLC, ESR, Pre-albumin, Procalcitonin and C-reactive protein (CRP). Quantitative determination of serum markers can help in determining therapeutic efficacy of different treatment regimes of infection, for monitoring post operative infections, for investigating levels of infections and appropriate use of antibiotics [1] [2] [3] .
Both CRP and TLC have been known to rise in an infectious process. TLC represents the cellular arm of immunity whereas CRP is the humoral component. Rise in serum CRP concentration is seen up to 1000-fold within few hours of severe infections [3, 4] . Also CRP has a very short half life of 5-7 h [1, 2, 4 ] as compared to a life span of 5-6 days for leucocytes. This short half life makes it a more sensitive indicator of infection.
Serial CRP and TLC measurements have been effectively utilized as a marker to judge infection in many disciplines. We designed a study to compare the efficacy of CRP and TLC as markers for monitoring odontogenic fascial space infections. Additionally, values of DLC were also recorded.
Patients and Methods
A prospective cohort study was done during October 2013-October 2015 in 50 patients of odontogenic space infections. Pregnant and medically compromised patients were excluded.
Design of Clinical Severity Scale (CSS)
A consolidated Clinical Severity Scale (CSS) that could truly represent the severity of infection in the patient was developed for the study.
The selection of Loco regional parameters was done by a group of four senior maxillofacial surgeons whereas the Systemic parameters were modified from the popular APACHE-II in consultation with senior specialists from Medicine, Pathology and microbiology departments. The scoring of the selected parameter was done in consultation with Mr Varun Arora, an expert in Biostatistics and Epidemiology. The scale included Nine clinical indicatorsSix Loco-regional (swelling, pain, pus, associated symptoms, associated signs and mouth opening) and three systemic (temperature, heart rate and respiratory rate) parameters as the indicators of clinical profile of a patient. For each clinical indicator, a scoring between 0 and 4 was done in proportion to the severity of derangement. For pus, associated signs and symptoms a weighted binary scoring system was used i.e. score 0 represented absence and score 4 represented the presence of the sign/symptom. For temperature, the scoring was done as 0, 1, 3 and 4 considering the irrelevance of the score 2. For pain too, scores allocated were 0, 1, 2 and 4, considering the irrelevance of score 3. Similarly, for heart rate scoring was done as 0, 2, 3 and 4 considering the irrelevance of score 1.
Further based on the cumulative scores, grades were assigned by the team of consultants. It was decided that a score of 0 indicates a NORMAL clinical profile, a score between 1 and 8 MILD clinical impact of infection, a score between 9 and 16 MODERATE and above 16 STRONG indicator of clinical impact of infection (Table 1) .
Investigations and Management
Patients were asked to undergo routine blood investigations including evaluation of CRP, TLC and DLC prior to initiating antimicrobial treatment. Empirical antibiotics including I.V Amoxicillin 1000 mg/clavulanate 200 mg 12-hourly together with Metronidazole 500 mg 8-hourly were initiated in all patients [5, 6] . Incision and drainage along with removal of the focus of infection was carried out under appropriate anaesthesia. Drainage was maintained with a corrugated rubber drain and regular copious betadine, saline irrigations were carried out. Patients were monitored on the basis of clinical signs (which were recorded as per CSS) and laboratory findings ( Table 2 ).
Collection of Data
Patients' age, sex, focus of infection, and number and type of spaces involved were recorded. Various clinical variables of clinical severity scale including change in degree of swelling (measured by thread and scale), changes in the amount of pain (measured by verbal pain scale), presence or absence of pus, improvement in mouth opening and dysphagia or dyspnoea (if symptoms were present) were scored. Improvement in systemic variables including heart rate, body temperature, and respiratory rate were assessed using the criteria adopted from APACHE II [7] . A cumulative score was calculated to grade the clinical severity of odontogenic infection at all intervals. CRP and TLC values were recorded pre-operatively, after 24, 48, 72 h and on 7th day. Values of these biomarkers were then correlated with CSS at various study intervals to compare their efficacy in monitoring the odontogenic space infections.
Analysis of Data
A database was constructed using Microsoft Excel (Microsoft, Redmond, WA). The statistical analysis was done with help of SPSS software (Statistical Package for Social Sciences) Version 15.0 statistical Analysis Software. The significance of differences was assessed using Paired ''t'' test, ANOVA, Spearman rank correlation, Pearson's bivariate correlation, as appropriate.
Results
Validation of Scale: The CSS was evaluated and validated in the present study on 50 patients with maxillofacial space infections, by evaluating it against the established inflammatory markers CRP, TLC and DLC. There was very highly significant correlation between the markers and CSS except monocytes and eosinophil. The scale indicated a strong correlation with these inflammatory markers and hence was found to be validated (Table 3) .
Internal Consistency and Reliability: The scale was assessed using Cronbach alpha estimation and Inter-item correlation matrix. The Cronbach alpha value was calculated as 0.748, thus indicating that the scale was internally consistent and showed a high reliability.
The CRP showed a significant strong positive correlation (q = 0.754, p = 0.000001) as compared to TLC which showed a moderately positive correlation (q = 0.607, p = 0.000001) with clinical severity of infection as per CSS.
At admission, 45 (90 %) patients had Moderate and 5 (10 %) had Severe clinical infection whereas at day 7, 13 (26 %) patients had Normal and 37 (74 %) had Mild Spearman rank correlation value (q) q \ 0.3: weak/no correlation, q = 0.3 to 0.5: mild, q = 0.5 to 0.7: moderate, q = 0.7 to 0.9: strong, q [ 0.9: very strong to perfect clinical infection as per CSS, thus showing a significant difference from baseline (p \ 0.001). CSS scores ranged from 12 to 23 with a mean value of 14.58 ± 2.42.
The CRP values were increased in all 50 (100 %) patients as compared to TLC values which were increased only in 32 (64 %) patients at the time of admission.
The mean values of CSS (Fig. 1) , CRP ( Fig. 2) and TLC (Fig. 3) showed a decline from admission to day 7, except CRP which showed an increase at day 2.
Discussion
Appropriate and early timely intervention in an infectious process can help to minimize the morbidity and mortality in surgical practice. In patients with infections the signs and symptoms alone, may not always be sufficient to judge the severity of infectious process and its clinical impact. Both clinical parameters and inflammatory markers have been employed in tandem to monitor patients with infections.
Owing to the close proximity of fascial spaces to vital structures, it is important to be highly vigilant regarding the clinical status of OSI patients.
Various inflammatory markers have been used to aid in judging the clinical severity of infection. CRP and TLC are one of the most readily available economic markers employed for this purpose. To be able to objectively compare the two, a clinical scale named Clinical severity scale was developed for this study. Against this Clinical Severity Scale (CSS) efficacy of CRP and TLC were evaluated.
CRP is an acute-phase protein produced by the liver in response to inflammation and infection and is a valuable marker of infection [8] .
CRP rises within 4-6 h of injury and peaks in 24-48 h, then falls rapidly once the inflammation resolves. This rapid rise and fall of CRP makes it a more sensitive marker than WBC [9] .
Normal plasma concentration of CRP is below 10 mg/L [10, 11] .
Advantage of having short half lives of 5-7 h makes serum CRP a sensitive indicator of infection as well as a definitive aid in the early diagnosis of septicemia [12] .
At baseline (admission), the mean value of CRP was 95.40 mg/L (Fig. 2) . These values correlate well with the previous studies [13] [14] [15] . On day 1 (postop), mean value of CRP was higher (100.72) than preoperative value (95.40) (Fig. 2) . This can be partly attributed to the surgical manipulation caused by incision and drainage resulting in higher postoperative values [16] . On the day 2 and day 3, a decline in the mean CRP levels was evident. On day 7, mean CRP levels decreased significantly approaching towards normal values (mean -11.82 mg/L) (Fig. 2) . This correlates well with the clinical improvement and responsiveness to the therapy as proved by other studies [2, 12, 15] . Between baseline and day 1 a (5.32/95.4) 5.58 % increase in mean CRP levels was observed. However, at day 2 onwards a declining trend in CRP values was observed. At day 2, day 3 and day 7 intervals mean decline was (-39.18/95.40) 41.07 %, (-62.74/95.4) 65.77 % and (-83.58/95.4) 87.61 % respectively.
CRP had a high degree of correlation with clinical severity of infection which is in correlation with the studies of various authors [2, 13] . In the study, there was decline in Clinical Severity Scale (CSS) score from baseline (admission) to day 7, which signifies that clinical condition of the patient was improving. Decline in CRP levels from baseline to day 7 was in direct relation with CSS score except on day 2 which can be attributed to surgical manipulation.
Total and the differential leucocyte counts have been used for the past 95 years to help evaluate infectious diseases. The specific findings are neutrophilia and generalized leukocytosis [17] .
Normal value of TLC ranges from 4000-11,000 mm -3
and the normal neutrophil count range from 48 to 72 % in a healthy adult. WBCs produce, transport and distribute antibodies as a part of the immune response. In response to acute infection or inflammation, the number of WBC's increases [18] . Neutrophils are short-lived cells that usually die while performing their antimicrobial function.
At admission mean TLC was 12446 ± 2824 which declined to reach at 7454 ± 1571 at day 7 (Fig. 3) (Fig. 3) .
The TLC showed a consistent decline unlike CRP which peaked on first postoperative day and then declined. This also indicates that CRP more accurately reflects the surgical insult than TLC.
In all the 50/50 (100 %) patients, the values of CRP were raised above the normal values at the time of admission. While TLC was raised above the normal only in 32/50 (64 %). Neutrophil count was raised in 49/50 (98 %) patients.
According to Boucher et al. [19] the WBC may react slowly to bacterial infections. Clearly the WBC at admission is normal or only slightly increased in many patients with odontogenic infection. This findings correlate well with the present study. Heimdahl and Nord [20] concluded that the WBC is of minor importance when judging the severity of orofacial infections, a view that the present study would support. The WBC is perhaps more useful in assessing a patient's response to therapy.
Comparing CRP and TLC, various studies support the fact that CRP is a better indicator of an infectious process because the CRP level rises faster than WBC in odontogenic infections [12, 21, 22] .
In the entire study, CSS scores from the time of admission, showed a declining trend representing an overall improvement of clinical profile of patient. At baseline CSS severity score was 14.58 ± 2.42 which declined to 1.18 ± 0.96 at day 7 (Fig. 1) . Percent decline in CSS score was (-3.04/14.58) 20.85 %, (-7.58/14.58) 51.99 %, (10.72/14.58) 73.53 % and (-13.40/14.58) 91.91 % at day 1, day 2, day 3 and day 7 intervals. At all the follow up intervals, mean CSS scores were significantly lower as compared to baseline, indicating improvement in the clinical profile of the patient.
Association between Clinical Severity Scale (CSS) grades and laboratory parameters was assessed and it was found that mean values of CRP, TLC and Neutrophil showed a significant incremental trend with increasing Clinical Severity Scale (CSS) grade (q \ 0.001).
On overall evaluation between Clinical Severity Scale (CSS) score and different biomarkers, a significant and strong positive correlation was observed with CRP and neutrophil count (q [ 0.7; p \ 0.001). The correlation between TLC and CSS was positive moderate and significant (q = 0.607; p \ 0.001).
In conclusion, CRP was found to be a more consistent indicator for monitoring the patients of OSI. It displayed a more consistent relation with the clinical status of the patient as compared to TLC. In addition, the differential neutrophil count was found to have better correlation with the clinical severity of OSI than TLC.
